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Abstract 
[n th is work, attempts have been made to develop an carly [-II V virus detector through 
DNA hybridization. The reason for detecting the genetic materials of the HIV rather than 
Ihe virus is because I-II V is asymptomatic during the first weeks (sometimes months) 
after an infection. Microcantilevcr sensors were used in this work \0 detect the 
hybridization process. The active microcanlilever was functionalizcd with thiol modified 
single stranded DNA with the sequence (5 ' -rrhioMC6-DI TeT OTA TOT CAT TGA 
CAG Tee AGe T·3)'. The reference microcantilever was exposed 10 TE butTer solution. 
Samples contain ing complementary sequences were introduced into the microcanti lcvcr 
sensor cell in a constant flow. The microcantilcver sensors were able to detcct 
concentrations as low as 0.2 nM. Experi ments were also conducted by varying the chain 
lcngth of thc target DNA. A sample consisting of 1497 bases produccd from actua l HI V 
RNA was succcssfully dctectcd at a concentration of 0.2 nM. Based on the dct1ection 
signal obtained, it should be possible to detect a sample conccntnllion as low as 0.1 nM 
without having to modify the currcnt system. 
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Chapter 1 
Introduction 
The need for devices capable of detecting a large number of physical and chemical 
phenomena is currently in demand. Detecting such phenomena as the presence of 
molecules requires devices that are small in size, reliable, highly sensitive, have fast 
response time, and arc inexpens ive. To dale, a significant amount of research has been 
concentrated on making devices that meet such requirements. 
A biosensor is an analytical device capable of detecting the presence of biomoleculcs. A 
biosensor consists of two main elements. The fi rst element is the recognition layer which 
is a layer of biomoleculcs that interacts with the target molecules to be detected. The 
second clement is the transducer which detects [he interaction between the recognition 
layer and the target molecules and then converts the resulting event into a measurable 
elcctronic signal. 
Biosensors have attracted substant ial interest and have been under continuous 
investigation in the last decade due to their wide range of applicat ion in medical 
diagnostics, and environmental screen ing [I]. Microcanti lever sensors arc a type of 
biosensors which have becn employed to detect a wide range of physical and chemical 
phenomena such as a change in temperature, surface strcss, antigen·antibody interaction, 
proteins, and DNA hybridization [2·5]. Moreover, microcantilever sensors have 
successfully met the aforementioned requirements making them available to be studied 
and utilized in many applications. 
1.1 Microcantilcvcr Bioscnsors 
A microcantilever is a free standing beam fixed at one end and free at the other. 
Microcantilevers are typically formed into two different shapes; rectangular or v·shaped. 
Microcantil evers are normally fabricated from silicon (Si) or silicon nitride (Si3N.) using 
micromachining techniques. The longest microcantilever E (shown in figure 1.1 ), which 
was used in our lab due to its high sensitivity, was 350 11m long, 35 11m wide, and 1 ~lIn 
thick. 
Although microcantilever sensors are in micrometer dimensions, they may also be ca ll ed 
nanomechanical sensors duc to thcir nanometer denection which occurs in response to 
changes either on their surfaces or their surrounding environment. 
,) b) 
Figure 1.1 : a) A photograph of the microcantilcvers used in this work. b) A schematic of 
MikroMasch CSCl2rripiess microcantilever (Image courtcsy ofMikroMasch company) . 
1.1.1 Functionalizing the Microcantilever Surface 
Functionalizing the microcanti lcver surface with the propcr rcceptive layers is 
fundamental in order to employ it as effective and acti ve transducer. MicrocantiJcvcr 
sensors arc made active by coating them on one side with a thin gold film. 
It has been found that a thin layer of go ld is best for the microcantilever surface for 
several reasons. Unlike other metals, gold attracts a high number of receptor molecules 
that bond strongly to its surface. A second reason is that gold does not oxidize wh ich 
prevents receplOr molecules from deadsorbing from the mierocantilever surface. On the 
other hand, the deposition of gold may induce a surface stress on the microcantilever 
somet imes leading to undesired measurements [6] . Having a mieroeantilever coated with 
a uniform, nat gold layer is significant ill order to achieve accurate and reproducible 
measurements. 
On the gold-coated microcantilever, the receptor molecules, which have been attached to 
the gold surface, will react with the target molecules. This reaction induces a surface 
stress on the microcantilever surface, thus resulting ill the denect ion of the 
microcant il ever as shO\vll in figure 1.2. This deflection can be detected using the optical 
bcam deflection system. 
b) 
•• 
• 
Figure 1.2: Schematic representation of a microcantilever sensor operating in 
static mode. a) The cantilever before thc interaction between probe and target 
molecules. b) The cantilever bends due to thc interact ions on its surface. 
Two types of surface stress may be formed on thc microcantilever surface as molecule 
adsorption and interactions take place. The first is where the microcuntilevcr bends 
downward and il is called compressive stress as shown in figure 1.3a. This stress is 
caused by the repulsive interactions between the atoms over the microcantilcvcr surface. 
The second type is where the microcantilcvcr bends upwards and it is called tensile stress 
as shown in figure l.3b. This stress is caused by attractive interactions between the atoms 
over the microcantilcvcr surrace. 
Moreover, the lower side of the microcanti lever surface should either be passivated or left 
uncoated. This process of only coating one side and leaving the other uncoated or 
passivated would contribute to prevent complex situations from occurring. 
")T.nsiIeSurlaceSlr.n(U_rdOe"~ban) B)Comprenive SurlaoeSlre~s{Down'Mlrd Oe!1ection) 
Figure 1.3: Types of surface stress that may be formed on the microcantilever 
sensor either during deposition or experiments . A) tensile surface stress, B ) 
compressive surface stress. 
1.1.2 Modes of Operation 
Microcanlilever sensors operate predominately in two modes: static and dynamic. In 
stat ic mode, the deflection occurs when the microcalltilever experiences a surface stress 
as a result of the adsorption and/or interaction of the target molecules with the receptive 
layer on the microcantilever surface (see figure 1.2). 
Microcantilcvcr dcl1cctions can be measured precisely by using multiple approaches such 
as the optical beam del1ection and using piezoresistive cantilevers. In the fonner 
approach, which has been used in our work, a laser beam is focused at the free end of the 
microcanti lever which then reflects into a position sensitive detector (PSD). In the latter 
approach, when the microcantilever deflects due 10 a surfacc stress the piezoresistive 
cantilever undergoes a change in resistance proportional to the deflection which can then 
be measured. In the dynamic mode, the resonant frequency at which a microcantilever is 
vibrating is mon itored. Such vibrating can bc detected and translated into a useful signal 
via several methods including piezoresistive and optical readout mcthod. 
The change in surface stress on the microcantilever sensor is described by Stoney's 
equation which is writtcn as [7], 
(1.1) 
where R is the radius of the curvature of the microcantilever, E is Young's modulus , l is 
the microcantilever thickness, and u is Poisson 's ratio. 
In th is work, microcantilever sensors were used to detect the HIV virus in stalic mode by 
target ing a specific sequence within the RT portion of the RNA genome of the virus. In 
order to achieve this aim, the microcanti lever surface was first coated with 20 nm inconcl 
followed by 100 nm of gold. 
The microcantilever surface was then functionalized with single stranded ssDNA 
modified with a thiol linker at the 5' end of the strand. TIle sulfur atom in thiol binds with 
gold resulting in the formation of a self·assembled monolayer (SAM). When ssONA of a 
complementary sequence was introduced into the microcantilever sensor cell, they 
hybridize with the ssDNA on the microcantilever. This hybridization caused the 
microcantilever to deflect which was monitored and detected using an optical beam 
deflection system (080S). 
1.2 Motivation 
The 1·luman Immunodeficiency Virus (HIV) is a deadly virus which infects many people 
worldwide. Often, the virus can present inside a subject for many months before being 
detected. This property of the HIV virus, which is asymptomatic inside the human body 
for long time, is the main reason for the wide spread of the virus. According 10 the recent 
statistics, 33.4 million people worldwide arc living with HIV [8]. This number of infected 
people clarifies the need of increased awareness about this virus and Ihe need to find a 
proper method capable of detecting HIV earlier in order to prevent the spread of the 
virus. 
The most hazardous effect of the HlV virus is its ability to destroy the immune system of 
the human body, thus preventing the body's defense against further diseases and illness. 
When the HIV virus infects thc body, it attacks vital cells of the immune system, such as 
CD4+ T ce lls, macrophages and dendrite cell s. CD4 is the main receptor used by HIV to 
enter into host T cells. Upon entry into host T cell s, the HIV virus starts undergoing three 
stages. The first stage is the primary infection stage (also known as the acute infection 
stage), which lasts for a few wecks. This stage is often asymptomatic but sometimes 
some symptoms such as flu, fever, and sore throat can be seen. Such symptoms are often 
not recognized or considered as signs of HI V infect ion since Ihey are common symptoms 
for other diseases. In addition, the body takes scvcral months (1 to 3 months) to produce 
antibodies that light the virus, therefore HIV antibody tests during the primary in fection 
stage may yield negative results. The period of time between when a person is first 
infectcd and the production of antibodies is tenned as the window period, during which 
the infected person may still transmit the virus [9}. Because antibodies tests arc 
ineffectivc during the primary infection stage, doctors may ordcr other tests such as 
Reverse transcriptase Polymerase Chain Reaction (RT-PCR) and p24 antigen test which 
exam ine the genetic material of the my virus itsclfrather than the HIV antibodies . 
With such tests, it is then possible to dctect thc presence of the HIV virus even if it is in 
the window period. In the RT-PCR test, reverse transcriptase is used to convert the vi ral 
RNA in the HIV virus into a complementary DNA. TIlis sequence is then amplified by 
PCR and the resulting DNA is then hybridized to specific probe DNA which has been 
attached 10 a solid support [10, II]. This hybrid izalion is then analyzed to determine if 
the person is either infected with the HIV virus or not. The secondary stage of HIV 
infection is known as the latency stage, which usually lasts approximately 10 years, 
during which the person has no signs or symptoms of illness despite the fact that CD4 
count continues to decline. When CD4 count is less than 200 cells per microliter, an 
infected person is diagnosed with AIDS which is the last stage of the HIV infection. 
Opportunist ic infections such as Pneumocystis carinii pneumonia (PCP), Mycobacterium 
avium complex (MAC) disease appear during this stage due to the severe damage oflhe 
host immune system [12]. Additional details about this virus and tests uscd to detcct and 
monitor it are presented in Chapter 2. 
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1.3 Scope of the thesis 
In this work, microcantilever sensors were used to detect the HIV virus by targeting the 
RNA Genome inside the virus in the hope of developing an early detection sensor for 
HI V. In Chapter 2, a brief introduction to the DNA, RNA and the HIV virus will be 
presented. A detailed discussion about DNA immobi lization as well as DNA 
hybridization will be given. In Chapter 3, the experimental system and apparatus such as 
the optical beam deflection system, flu id cell, and sputter deposit ion will be described. In 
Chapter 4, chemicals, which were being used to prepare the probe DNA, which acts as 
receptor molecules on the cantilever surface, and the target DNA, which acts as the target 
molecules on the canti lever surface, will be described. In addition, the experimcntal 
results will be shown followed by a detailed discussion of each result. Finally, in chapter 
5, we will summarize the work presentcd herein and provide proposals on how this work 
can be improved and continued. 
II 
Chapter 2 
Human Immunodeficiency Virus (HIV) 
Introduction 
In this chapler, the chemical and biological aspects of this work will be given. In order to 
understand the reasons behind the proposed mechan ism for detecting HIV using 
microcantilever sensors, it is worthwhile to firs t provide a brief Introduction of 
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). In sect ion 2.2 , the HIV virus 
is discussed including a brief history of the virus, its function, and some of its effects. In 
section 2.3 , DNA immobilization on the microcanti lcvcr surface is presented followed by 
how to dClecllhe hybridization in the fluid cell presented in section 2.4. 
12 
2.1 Deoxyribonucleic Acid (DNA) and Ribonucleic acid (RNA) 
Each cell orlhe human body contains a nucleus where genetic ill[onnalion is stored. The 
genetic information is stored in the fonn of DNA. A DNA molecule is a long, double 
strand helix Ihal resembles a winding staircase, consisting of two separate strands which 
are bound together by base pairs as shown in figure 2.1. 
Figure 2.1 : A schematic representation orthe structure orONA. Two strands arc 
bounded together by base pairs (A,T,G, and C) through the hydrogen bond. 
(Image courtcsyofNulionall'/uman Genome Research Institute) [1 3]. 
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DNA is a polymcr of nuc1cotidcs which arc composcd of phosphate, a five-ca rbon sugar 
called deoxyribose, and one of four nitrogenous bases which aTC divided into two groups. 
The purine bases, adenine (A) and guanine (G), which have two nitrogen ring structures, 
and the pyrim idine bases, thymine (T) and cytosine (C), which have one nitrogen ring 
structure. The purine and pyrimidine bases precisely join to form a base pair. Aden ine is 
paired with thymine, and guaninc is paired with cytosine as depicted in figure 2.2. 
~o f N , 
~l HOm 
Figure 2.2 : A schematic depiction of the DNA base pairs. 
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Physically, the base pairs project inward from the sides of the DNA molecule which 
resemble the steps on a spiral staircase. The base pairs arc held together by hydrogen 
bonds which, although weak arc extremely stable under normal conditions. Enzymes 
called DNA helicases are required to separate the two strands so that the genetic 
information can be exactly duplicated. This infonnation is stored and arranged in units 
known as genes. 
A gene is the unit of heredity passed from generation to generation and is also 
responsible for the daily functions of the cells in the body. A gene is represented by a 
numbcr of base pairs ranging from thousands to almost one million base pairs. There arc 
two main processes that arc carried out through the use of DNA, transcription and 
translation, which ensures function and duplication of each cell. Before discussing the 
fu ncti ons of these processes, a second type of nucleic acid must be introduced called 
ribonucleic acid (RNA). Protein synthesis takes place in the cytop lasm of the ce ll 
however DNA is located in the nucleus of the cell, therefore RNA is used to direct the 
proteins wh ich carry out translation 114]. Furthermore, there arc three types of RNA: 
messenger RNA (mRNA), ribosomal RNA (rRNA), and transfer RNA (tRNA). RNA is 
essential for transcription and translation to take place. 
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Transcription involves copying of the genetic code from DNA to a complementary strand 
of mRNA, the genetic code being a successive sequence of four bases (adenine, thymine, 
guanine and cytosine) with thymine in DNA being replaced by uracil in RNA. The 
genetic code controls the sequence of amino acids in a protein molecule that is being 
synthesized in a cell. Once the mRNA has transcribed the genetic code, it detaches from 
the DNA and is transported into the cytoplasm where it controls the assembly of proteins. 
Translation is the next process that takes the instructions transcribed from DNA to 
mRNA and transfers them to the rRNA of ri bosomes in the cytoplasm of the cell. When 
the mRNA comes into contact with the ribosome it binds to the small subunit, the 
instructions are then communicated to tRNA which delivers the correct am ino acid 10 the 
proper position on the peptide chain . There are 20 different am ino acids and 20 di fferent 
types of tRNA for each one. Each type of tRNA carries an anticodon which is 
complementary to the mRNA codon calling for the amino acid carried by the tRNA. The 
tRNA anticodon recognizes the mRNA codon which ensures the proper sequence of 
amino acids in a synthesized protein [15]. 
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Understanding DNA is important for realizing how the basic cellular processes in our 
bodies keep us alive and allow us 10 reproduce. There is however an example of DNA 
transmission that impacts negatively on humans, viral DNA. 
A virus is a small infectious agent that uses its DNA to replicate inside the living cells of 
an organism. In general, viruses attach to host cells, inject their DNA, use the host ce ll ' s 
DNA replication cycle to create multiple copics of the viral DNA, and are released from 
the cell to infect the body. 
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2.2 Human Immunodefici ency Vir us (HIV) 
The origin of the HIV virus and how was it introduced to humans have been extensively 
studied. lllcre are several theories describing the origin oCthe HIV virus even though the 
exact ori gin is Sl ill unknown. The most accepted theory states that the origin of the virus 
was zoons is, which means that the virus was first transmitted 10 human via animals [15J. 
HI V (shown in fi gure 2.3) is an example of a lentivirus which belongs to the Retroviridac 
fam il y. 
b) 
Figure 2.3: a) A schematic presentation of the HIV virus. Used with permission from [16]. b) An 
SEM image orthe HIV virus. (Image courtesy of CDC ofhttp://phi1.cdc.govlPhil/dctails.asp) 
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HIV causes the immune system to progressively become weaker leading to life 
threatening opportunistic infections. These infections are unusua l with a healthy immune 
system but a compromised immune system allows the opportunity for infection [ 12]. An 
HIV infection can be transmitted through infected blood, semcn, vaginal fluid or breast 
milk, The HIV infection undergoes three phases: the primary infection phase, the latency 
phase and the overt AIDS phase [17]. As mentioned in chapter I, HtV is characterized by 
a long incubation period which is the time behveen initial exposure to the virus to when 
signs and symptoms first appear. Lcntiviruses can inject a considerable amount of their 
genctic information into the DNA of the host cell and can replicate in non-dividing cells, 
which is why HIV is so devastating and at the moment can only be treated but not cured. 
Because of such a long incubation period, symptoms do not usually appear until 
sign ificant damage is already inflicted on the immune system. HIV infects vital cells of 
the immune system, such as CD4+T cells, macrophages and dendrite cells. CD4 is a 
primary receptor used by HIV to enter into host T cells. An HIV infection leads to a 
constant reduction in T cells that possess CD4 receptors. 
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CD4 levels are used to decide when to begin treatment of infected patients. Normal blood 
CD4 values in a non-infected person are 500-1200x 106 cell JI-IL l17J. When the CD4 
count reaches 350 cells per microliter, patients usually begin treatment. The reduction in 
CD4 levels caused by the HIV occurs through three main mechanisms. First, the virus 
directly attacks and kills infected cells. Second, the rate of apoptosis in infected cells is 
high. In other words, all nonnal body cells have a programmed death to ensure new cell 
fonnation however HIV infected cells die faste r. Third, the virus uses CDS cytotox ic 
lymphocytes, which are immune cells that recognize and kill infected cells, to destroy 
infected CD4 cells. The susceptibility to opportunistic infections in the body is increased 
as CD4 cell numbers continue to decline. Th is is known as the latency phase during 
which the person has no signs or symptoms of illness but CD4 count continues to fall. 
This stage of infection usua lly lasts 10 years. The overt AIDS phase occurs when CD4 
count is less than 200 cells per microliter [17]. Without treatment during this phase, the 
infected person can die within 2 to 3 years due to opportunistic infections. These 
infections can develop rapidly because the immune system is rendered almost incapable 
of fight ing olTpathogens at this poi nt, therefore treatment is essentia l for survival. 
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Patients with HIV arc usually treated with a combination of three drugs which help to 
suppress HIV repl ication, increase CD4 cell count, and slow the progression to AIDS to 
help improve the overall quality of life and survival time. The cli nical course of mv 
varies from person to person: 60-70% develop overt AIDS 10 to I I years after ini tial 
HI V in fection (typical progressors), 10-20% develop overt AIDS in less than 5 years 
(rapid progressors), and the remaining 5-15% are called slow progressors and do not 
experience the progression to overt AIDS for more than 15 years [17]. 
2.2.1 Detection methods of the H IV virus 
HIV virus could be detected by several tests such as the HIV antibody test, P24 antigen 
test and HIV Vi ral Load test. Despite the HI V antibody test being accurate and 
inexpensive, it is not very effective during the primary phase of the HIV virus. The 
reason for this is that an HI V antibody test detects the antibodies produced by Ihe body in 
response to the virus. Unrortunately, th is can take up 10 3 months ror the body to develop 
antibod ies to combat the virus leading to negative results when conducting this test. 
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Hence, testing the genetic material of the HIV virus itself rather than the HI V antibodies 
is needed during the primary phase. HIV Viral Load test is a sensitive, accurate, and 
efficient test used for the early detection of the HIV vi rus. Viral load is measured via a 
blood test whi ch determines the amount of the HI V virus in the blood by RNA copies per 
milliliter HI V Viral load test can be measured by two main methods: Reverse 
transeriptase Polymerase Chain Reaction (RT·PCR) and branched-chain DNA (bONA) 
lI S]. The RT·PCR test encompasses two main procedures: extracti ng the genetic material 
of the HIV virus and then applying the PCR technique process. The first step begins by 
extracting the RNA from the person's blood fo llowed by using reverse transcriptase 
which converts the extracted RNA into a complementary DNA. PCR technique is then 
used to ampli ty the complementary DNA (the target DNA) and the resulting DNA is then 
hybridize to specific probe DNA which has been attached to a substrate [10,11.1. 
The viral load test is also used along with other test sueh as CD4 test to mon itor the HIV 
virus during its progression in side the body. As has been previously mentioned, the HIV 
viral load test measures the amount of the HIV virus in the body by RNA copies per 
milli li ter. 
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A high viral load between 3000 to 10000 copies/ml indicates that the virus has a high 
likelihood of progression to the later stages where treatment is more complicated and less 
successfu l. A low viral load value between 40 to 800 copies/ml indicates that the virus is 
at a controllable level where it may be treated and monitored. The main purpose of doing 
this test is to maintain the viral load amount as low as possible for as long as possible. 
After conducting this test much information can be obtained. This information includes 
how active the virus is, what treatment is currently needed, and the future treatment plan 
[\9]. 
2.3 DNA Immobilization 
DNA immobilization is a process where single stranded ssDNA (the probe) is 
functionalized onto a substrate. In Ihis work, single stranded ssDNA was synthesized to 
match a portion of a sequence of the RT portion of the RNA in the HIV virus. This is 
called the probe. 
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The RNA inside the virus is therefore called the target. Detecting the hybridization of the 
probe and the target is equ ivalent 10 detecting the virus. [n order to immobilize the 
ssDNA on a solid surface, the molecules must firs t be modified with a functional end 
group. Most common examples of functional groups are Amino- groups, AcryditeTM-
groups, and Thiol-groups. 
In this work, covalent bonding was used to immobilize the oligonucleotides to the gold 
surface by using oligonucleotides modified with a thiol end group. The SH modifier 
could either be placed at the S'end or 3'end of the oligo. The sulfur atom in th iol has a 
high affinity to gold and therefore binds with gold leading to the fonnation of a self 
assembled monolayer (SAM). It has been demonstrated thaI the amount of oligos that can 
be immobilized on gold surface is 100 limes higher Ihan those on silicon or silicon nitrate 
surfaces [20], Single stranded DNA modified with a Ihiol group wi ll be referred to as 
HS-ssDNA Immobilization of ssDNA on the microcantilever surface is depicted in 
figure 2.4. Details about our experimenta l method for immobilizing probe HS-ssDNA on 
the microcantilever surface is presented in chapter 4. 
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Microcanlile~er ImmobllizJtlon 
Figure 2.4: A schematic representation of the immobilization process ofHS-ssONA on 
the microcantilcvcr surface. 
2.4 DNA Hybridization 
DNA hybridizat ion is the binding of two complementary sequences leading to the 
fonnat ion of a double stranded DNA (dsDNA). DNA hybri dization has been studied 
extensively with an emphasis on understanding the hybridization mechanism. New and 
developed technologies such as DNA microarray have offered fast, selective, and 
sensitive detection of DNA hybridization [21 ,22]. 
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DNA microarray technology (also known as gene chi ps) have made a significant 
revolution in genetic analysis leading to a wide range of medical and biological 
applications such as the detect ion of infectious diseases, drug discovery, and gene 
expression analysis [21 ,22,23]. 
The concept of DNA microarrays relics first on thc immobilization of a single stranded 
DNA called probe DNA onto a solid surface and then on the hybridiz.1tion between the 
immobilized probe and the complementary target DNA. However, several difficulties 
associated with DNA chips such as sample size, and the preparative time have been 
reported [23]. Moreover, most DNA hybridization methods including gene ch ips rely on 
labeling techniques either with radioactive or nonradioactive labels. Free-labeling 
techniques have attracted much attention due to the disadvantages associated with 
labeling techniques. These disadvantages inelude add itional time required to tag the 
molecules as well 
technologies such 
the exposure to radiation [20]. Consequently, alternative 
DNA biosensors arc being developed and enhanced. 
Microcantilever biosensors have successfully been used to detect DNA hybridization due 
to their hi gh sensitivity and selectivity [24,25]. 
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In thi s work, a label-free technique based on microcantilever sensors has been uscd for 
detecting HI V through DNA hybridization. As will be discussed in greater details, 
hybridizat ion induces a change in surface stress on the microcanti lever surface causing 
the nanomeehanical deflection of the microeantilever. DNA hybridization between the 
probe and the target molecu le forms double stranded DNA (dsDNA) causing the 
microcantilever deflection as depicted in figure 2.5. 
Figure 2.5: A schematic representation of the hybridi7.ation process. a) HS-ssDNA is 
immobilized on a microcantilcvcr surface, b) hybridization of two complementary strands 
forming a double stranded DNA( dsDNS) which causes the deflection of the mierocantilever (0). 
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Chapter 3 
Experimental Apparatns and Techniques 
Introduction: 
In this chapter, the experimental set-up and techniques used in this work to conduct the 
microcant il cvcr sensor experiments are presented. An overview of the microcantilever 
sensor system which is composed of the fluid cell, laser, and photo sensitive detectors 
(PSDs) will be given. A brief description of the sputter deposition technique by which the 
microcant il ever sensors were coated with a thin gold film will also be provided. Lastly, a 
detailed discussion on calibrating the instruments as well as the optical beam de fl ection 
system used to monitor Ihe mechanical deflection of the microcantilevcr sensor will 
follow. 
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3.1 Overview 
The majority of the apparatus used in this work were contained on the microcantilever 
sensor set-up including the fluid cell, optical focuscrs, optical microscope, and PSDs. 
These aTC shown in figure 3.1. 
Briefly, the microcantilevers were mounted in the fluid cell where they were exposed to 
the injected fluids. Once the microcantilevers were positioned and the fluid cell scaled 
with a glass cover, the lasers were focused on the free end of the microcantilevers using 
the optical focusers. The reflected beams from each microcantilever surface were directed 
into photo sensitive detectors (PSDs). It was important to ensure that the optical beams 
were made incident on the microcantilevers at the desired position. This was done by 
viewing the positioned microcantilever on the fluid cell using an optical microscope 
placed above the fluid cell as shown in figure 3.1. 
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Figure 3. 1: a) A photograph of the microcantilever sensor system. AI , A2, Bl , B2) 
Translation stages, C) Fluid cell, D, E) Input and output tube. F) Optical Microscope placed 
above the fluid cell used to view the position of the optical beam on the microcanti1ever surface. 
b) A picture of the focuser assembly. G) The adjustment ann, H) Brass holster with several holes 
used to hold the foeuser ann at a particular angle, K) x-y-z translation stage, L) two clips used to 
fasten the laser assembly. c) A photograph oflhe PSD and PSD holding mechanism. 
30 
3.2 Fluid cell 
As shown in figure 3.1, the fluid cell (c) was placed at the center of the platfonn. The 
fluid cell was made of aluminum which is relatively inert and is non-reactive with the 
reagents used in this work. This ensures a minimal influence of the fluid cellon the 
experimental results thus increasing the accuracy of the measurements. The 
microcant ilevcrs were secured and sealed in the fluid cell during the initial set-up. The 
fl uid cell was sealed with a rubber o-ring covered with a glass disk held in place by an 
aluminum bracket. The glass disk was coated on both sides to prevent reflections of the 
laser beam from the air/glass and glass/liquid interfaces. The fluid cell is attached 10 two 
tubes from below which arc used to transport flu id to and from the fl uid cel l as shown in 
figure 3.2. These two tubes were attached to a syringe pump which allows the injection of 
ditTerent solutions. The tubes are made of Polyether Ether Ketone (PEEK), which is not 
known to react with organic compounds. 
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Figure 3.2: I) A photograph of the fluid cell used in this work to house the microcantilevers. 2) 
Schematic representation of the fluid cell clarifying its main parts: A) Spring clamps used to 
secure the microcanti1cvers in position. 8) Slots in which the microcantilevers were held and 
secured during testing, C) A hole from which a solution entered the fluid cell. 
In our experiment it is necessary to inject two different solutions into the cell . In order to 
accomplish this as efficiency as possible, and without injecting any bubbles into the 
system, a flow divider was constructed as shown in fi gure 3.3 . 
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This device allowed for two syringes to be used without the need to disconnect them and 
hence eliminating the creation of bubbles in the cell. Once the microcantilevcrs were 
positioned and the bubbles were removed, the fluid cell was sealed and flushed using de-
ionized water to eliminate contaminants. 
Figure 3.3: A photograph of the flow device used to control which solution was allowed to flow 
into the fluid cell. 
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3.3 Lasers and PSD'S 
Optical focusers « LPF-OI-635-4/ 125-S-2.4-15-4.7GR-40-3S-1-2, OZ optics) were used 
to focus the laser beam from a laser diode «FMXLl12-00, Claire Lasers) onto the free 
end of the microcantilcvcr. As can be seen from figure 3.1, the optical focuscrs were 
attached 10 translation stages so that the incident beam on the microcantilever could be 
precisely adjusted to the desired position. The optical focusers were also attached to an 
adjusting arm through which the angle oflhe incident beam could be controlled precisely. 
The laser diode was powered by a precision current source (LDX-3412, ILX Lightwave 
Corp). In order to keep the beam intensity conslant, the diode was mounted on a constant 
temperature stage controlled by a temperature controller (LDT-54l2, ILX Lightwave 
Corp). 
The renected bcam was detected using a position sensitive detector (PSD). The PSD was 
adjusted so that the laser beam reflecting ofT the microcantilever surface was incident on 
the active area of the device. The PSD's were also auached to translation stages allowing 
them to be moved and aligncd with precision (sec figure 3.1-2).When the laser beam hit 
the )lSD, a photo current was induced which, in turn, was converted into a voltage signal 
which was then read by the data acquisition board. 
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The relationship between the beam position on the PSD and the PSD voltage is linear. 
Each PSD has an active area 10 mm long as shown in figure 3.4. When the output voltage 
is 0 V, the beam position is direet[y in the center of the PSD as depicted in figure 3.4. The 
+/·5 mm position on the PSD surface corresponds +/. [0 V correlate. Therefore, +5mm 
indicates Ihal the beam position is at the top on the active area of the PSD and -5 mm 
indicates that il is at the bottom. A program written by Meng Xu was used to collect the 
signal from each PSD and plot them in real time on the display monitor. 
a) b) 
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Figure 3.4: a) A photograph of the PSD. The active area is colored black. b) Schcmatic 
representation of the PSD active area. The lascr spot is in the middle of the active area 
corresponding to a PSD voltage of 0 v . 
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3.4 Optical Microscope 
An optical microscope with a ceo camera (shown in figure 3.1) was placed above the 
nuid cell in order to gather images of the microcantilever and view the position of the 
laser spot on the microcantilcvcr surface. An image of the laser beam focused on the apex 
of the microcantilever surface captured by the microscope is shown in figure 3.5. 
Figure 3.5: An image taken by the optical microscope showing the position of the laser beam on 
the apex of microcantilcvcrs. 
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3.5 Sputter Deposition: 
In th is work, sputter deposition was used to deposit a thin Au fi lm on the microcantilcvcr. 
Gold is used to attach the organic receptive layer to the microcanli lcvcr because it is inert 
and forms a strong bond with thiol-based molecules. 
Sputter deposition is a common techn ique used to deposit thin films onto a substrate. 
Sputter deposition is a process whereby target atoms, (gold in this case), arc ejected from 
the target and deposited on the substrate surface. During the sputtering process, argon gas 
is allowed 10 now inside a vacuum chamber which houses both the target and the 
substrate. A high potential difference is applied between the target and the substrate 
producing an electric field . The produced electric field causes argon gas to ion ize 10 Ar + 
which becomes attracted to the target. Collisions between the gold target and ionized 
argon atoms (Ar +) cause target atoms to be ejected which then deposit on the substrate 
surface creati ng a thin fil m [26]. 
In this work, 100 nm of gold on 20 nm of (inconel l chromium) were deposited on the 
microcantilevers at a power of 80 W, with a gas fl ow rate of 20 SCCM (Standard Cubic 
Centimeters Per Minute) for 10 mins. Au was deposited al a deposition rale of 0.6 A /s 
and power of 20 W for nearly three hours. 
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3.6: Optical Beam Dellection System (OBOS): 
The optical beam deflection system (OBDS) was used in the sensor experiments in order 
to monitor the cant ilever defl ection. Thi s system was well characterized by Beaulieu el a t 
f27 ,28], who optimized the geometry or lhe optical beam deflection system. 
PSO 
Figure 3.6: A schematic representation oflhe optical beam defl ection system [27]. 
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In addition, the authors showed that the values of D, L, CL, 0, ~ and tp uniquely 
characterize the system where D is the distance between the cant ilever base and the 
incident laser on the cantilever, L is the distance between the incident laser on the 
cantilever and PSD, CL is the cantilever length, 0 is the angle of incident beam , ~ is 
the PSD angle, and (j) is the azimuthal angle. 
It has also been stated that for small deflection the microeantilever deflection 
(g) is linearly proportional to the PSD signal (S). 
<5 = yS (3.1) 
In order to gain an accurate conversion fro m the PS D signal into microcantilever 
deflection, y nceds to be determined. The value of 'Y has mathematically described by 
Beaulieu et al [28] and a program caleulating its value was written. In the previous work 
of Beau lieu et al. did not account for the glass cover used to seal the liquid cell from the 
environment as used in this work. Also, the optical path was considered from the focuser 
to the PSD. However, in real experiments it is necessary to work backward from the PSD 
signal to the microcanti lever deflection. 
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Therefore, an improved program was writtcn by others in our group by modi tying the 
fomlatism first publ ishcd by Beaulicu ct al. in ordcr to obtain an algorithm thaI look as 
input the PSD signal and gave as output the microcantitevcr deflcction. 
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Chapter 4 
Results and Discussion 
Introduction 
In this chapter, we will discuss the capability of the microcantilcvcr sensor for detecting 
the HIV virus through DNA hybridization between the probe and the target molecules. In 
section 4. 1, we will show how to functiona lize the microcanlilcvcr surface by firs t 
depositing a thin gold film fo llowed by immobilizing a single chain DNA monolayer. A 
compl ete explanation of the chemical and biological methods used to prepare the DNA 
solut ions will also be provided. The experi mental results obtained in this work as well as 
a detailed discussion for each result will be presented in the sect ion 4.2 of this chapter. 
Lastly, we will examine the influence of a new adjustment added 10 the fluid cell in 
sect ion 4.3. 
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4.1 Microcantilever Surface Functionalization 
Functionalizing the microcantilevers involved first depositing thin gold film on the 
cantilever as a receptive layer. Prior to deposition, the microcantilevers were first cleaned 
with a Piranha solution (H2S04: H20 2 =3: 1) ror 5 to 10 minutes and then washed twice 
with ethanol and then de-ionized water to remove any residue and contamination on the 
surracc. Aftcr rinsing, the microcantilevers were dried in an oven for 24 hours at 275 C. 
The cleaned and dried levers were then coated on the top surrace with a 20 nm adhesion 
layer or InconeVChromium rollowed by a 100 nm thin gold film by sputtering deposition. 
Depositing the gold film allows ror the microeantilever to be runctionalized with the 
receptive layer which is presented in section 4.1.1. 
4.1.1 DNA Immobilization Procedures 
Immobilizing DNA on gold-coated microcantilevers has been investigated by many 
groups. 'Il,ese investigations have led to explorat ion or the mechanism beh ind the DNA 
immobilization on gold surraees. 
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Factors governing the DNA immobilization such as the surface probe density, the total 
number of DNA strands adsorbed on the microcantilever surface, and the resultant 
surface stress have all been measured [20, 25 , 29 ,31 ,32]. As has been stated in chapter 
2, DNA immobilization on gold surface could be accomplished through several methods 
including adsorption, affinity interaction, and covalent bonding. The latter method was 
used in this work 10 immobilize the single stranded DNA or oligonucleotides on the gold 
surface. Using this method involved modifying the oligon ucleotides with a thiol end 
group (SH modifier). The sulfur atom in the thiol molecules has a high affinity for gold 
and therefore binds with gold leading to the formation of a self assembled monolayer 
(SAM) (see figure 2.5). The HS·ssDNA (probe molecule) concentrations were I j.lM 
throughout all experiments. This specific concentration was chosen due to the fact the 
surface in which the probe molecules are immobilized can be saturated with probe 
concentrations between I to 10 j.lM [29]. 
The DNA probe sequence used in this work was 25 bases long and synthesized with as ' · 
thiol linker (S'·(]bioMC6·DI TCT OTA TOT CAT TOA CAG TCC AGC T·3)'. The single 
stranded DNA modified with thiol group, abbreviated as, HS·ssDNA, is often delivered 
with a double thiol end group which creates a disulfide bond. This bond prevents the thiol 
end group from oxidization and therefore maintains the DNA sequence active and usable. 
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Prior to immobilization, the extra thia! end group had to be reduced. Such reduction can 
he accomplished using several methods. One of the most common methods is using a 
reducing agent such as DDT which must be removed before the immobilization can take 
place. 
In this work, a treatment with solid-phase DDT has been used to reduce the extra thiol 
group. In this treatment, chemical DDT is available in the form of an aery lam ide resin 
called Reductacryl. The aligos were combined with DDT at a ratio of 1:50 mg 10 ensure 
full reduction [30J. The resulting mixture was then resuspended in TE buffer (pH: 7.9) 
and agitated for 20 minutes al room temperature. The Reductacryl (DOD was then 
removed by filtration using a syri nge filter. The solution of HS-ssDNA was then used 
directly to functionalize the microcantilever surface with the probe molecule layer. 
The active and reference microcantilevers were placed in a cleaned container in which 
they were completely covered with HS-ssDNA solution for the active and with TE butTer 
for the reference. During all experiments, all active and reference microcantilevers were 
taken from the same deposition batch to ensure precise measurements. The process where 
the microcantilevcrs were immersed in a solution is called incubation. 
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In this work, the incubation time was three to five hours unless otherwise mentioned. 
The reason for such a short incubation time is that immobilization is known to occur 
within a fcw hours even though some researchers prefer longer time to ensure a complete 
assembly of the probe molecules on the microcanti lever surface [31}. However, we 
noticed that short incubation time gave better results than longer ones. In order to test the 
effect of the incubation time on the DNA hybridizat ion efficiency, the microcantiJcver 
was immersed in HS-ssDNA for 24 h and was compared to the microcantilever incubated 
for 3 hours. The microcanti lever shows higher deflection when incubated for 3 hours 
whereas longer incubation time gave small er deflections. 
A possible reason for Ihis is that a short incubation time may lead to an SAM coverage of 
less than 100% leading to a smaller cantilever deflection (pre deflection due to the 
cantilever func lionalization - see figure 2.5) whereas longer exposure time would lead to 
a high percentage surface coverage leading to a possibly large cantilever deflection. 
Therefore in an analogous manner Ihat pulling a spring becomes more difficult with the 
extension length, the cantilever deflection due to the hybridization process may be larger 
for a cantilever Ihal has an initial smaller deflection. In some experiments, the probe-
immobilized microcantilevers were treated wilh 1 mM Ireatment6- mercaptor- I- hexanol 
(Mel-!) 10 minimize non-specific binding ofssDNA as will be described later [33]. 
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Once the microcantilever was functionalized with the probe molecule layer, it was then 
placed in the cantilever sensor fluid cell which was previously rinsed with ethanol 
followed by TE buffer. 
DNA immobilization experiments were not studied in this work since such experiments 
have been extensively conducted and roughly similar results obtained 1.25, 33, 34]. Hlese 
results clearly show that DNA immobilization leads to a small change in surface stress on 
one side of the microcantilevcr surface relative to the other causing a small deflection. 
This deflection which is smaller than the resultant deflection from DNA hybridization is 
contributed to the induced surface stress on its surface caused by the covalent binding 
between the sulfur atom of thiol modifier and the gold atoms 011 the microcantilever 
surface [25]. 
4.1.2 DNA Hybridization Procedures 
DNA hybridization is the binding of two complementary strands of DNA forming a 
double stranded DNA (dsDNA) molecule. In this work, the main purpose of conducting 
DNA hybridization experiments is to develop all HIV sensor capable of detecting the 
genetic materi als of the virus in a label-free manner using microcantilever sensors. 
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Label-free detection of DNA hybridization has been reported in several articles [25, 
31,34]. However, in some articles, reference microcantilevers were not used. In this 
work, reference microcanti levcrs were used throughout all experiments. Reference 
microcantilevers ensure that the microcantilever deflection is eaused by the hybridization 
between the probe and the target molecules and not to nonspecific interactions. In this 
work, DNA hybridization took place in the fluid cell. 
After immobilizing the probe DNA on the microcantilever surface and placing it in the 
fluid cell , TE buffer was then injected at a consistent flow rate of 0.1 ml/min unlil a 
baseline was obtained as shown in figure 4.2. This baseline indicates that the DNA 
molecules are stabilized. TE buffer is often used to stabi li ze the DNA molecules and 
protects them from degradation [33]. This process also removes physisorbed oligos from 
the microeantilever surface. Once a baseline has been obtained, a solution containing 
complementary target DNA was injected at a flow rate of 0.1 ml Imin. Although this flow 
rate was set for most experiments, it was somet imes changcd in order to examine the 
effect of flow rale on the DNA hybridization process which was not found to be 
influential. 
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A number of target sequences with different1engths and concentrations were used in this 
work in order to gain a deep understanding of DNA hybridization. Not only DNA - DNA 
hybrid ization was investigated in this work but also DNA- RNA hybridization has been 
stud ied. This variation in using different sequences, concentration, as well as sequence 
lengths would finally lead us to optimize the DNA hybridization conditions thus 
developing a proper HIV detector. All the DNA sequences, shown in table 4. 1, were 
purchased from lOT (Integrated DNA Technologies) and were consensus sequences in 
the HIV gene pol coding for RT genome from the HIV sequence database (see figure 
4.1). RNA sequence was synthesized from DNA Technology, Denmark . 
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Figure 4.1: A schematic representation of the HrV-J RNA genome. The RT portion from which 
our sequences were derived is shown in the Pol polyprotein. Used with permission from [35J 
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Table 4. 1: DNA and RNA sequences used in this work. 
Name I ~ength Sequence 
bases 
Probe 25 5'·f1bioMC6·DI TCT OTA TOT CAT TGA CAO TCC AGC 
T-3 ' 
DNA target (I) 25 5'·AGC TGO ACTOTC AAT GAC ATA CAO A·3 ' 
Noncomp[ementary 25 5'·TGTTTC CTO TCC TOTCTC TGC TGG 0 ·3' 
tarect DNA 
RNA target 75 5'·OCC UAU AGU OUU GCC AOA AAA AGA CAO CUG 
GAC UOU CAA UGA CAU ACA OAA GCU AGU OGG 
AAA AUU OAA UUG GGC·3' 
DNA target (2) 200 5' ·AAA AAC ATC AGA AAO AAC CTC CAT TCC TIT 
OGA TGG OTT ATO AAC TCC ATC CTG ATA AAT OOA 
CAG TAC AGC CTA TAG TGC TOC CAG AAA AAO ACA 
OCTOOA CTO TCA ATG ACA TAC AGA AOTTAG TGG 
GAA AATTGA ATTGGG CAA GTC AGA TIT ACC CAG 
GOA 'ITA AAO TAA OOC AAT TAT GTA AAC Tce TTA 
GAOOA·3' 
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4.2: Results and Discussion 
Once the gold-coated microcantilcvcrs were functionalized with the probe DNA 
molecules, a solution containing the target DNA was injected into the l1uid cell which 
contained the functionalizcd and reference microcantilevers. The optical beams were 
focused on the rnicrocantiievers and the reflected beams were monitored using the PSDs. 
Figure 4.2 shows the microcantilever response as a function of time after the injection of 
buffer and a complementary target DNA ( DNA target I as shown in table 4.1) . 
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Figure 4.2: Injection of complementary solution where it is clear that the probc-funclionaJizcd 
microcanti lever deflects as the target DNA is injected whereas a marginal deflection is seen with 
the referencc microcantilcver. 
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As can be seen in the graph, the active microcanti1cver denects as a result of the 
fonnation of double strand DNA (dsDNA) which induced a surface stress on the 
microcantilever surface. 
Thc mi crocantilever denection caused by the probe-target hybridization is due to the 
intermolecular forces which induced surface stress on the probe oligo-fuctionalized 
mierocantilever. On the other hand, the reference mierocantHever exposed to buffer 
solution showed no apparent deflection indicating that the deflection of the active 
microcantilevers is indeed caused by the DNA hybridization between the probe and the 
target molecu les. In some experiments, we have exposed the HS-ssDNA functionalized 
microcantilever to the post treatment 6- mercaptor-l- hexanol (MCH). This exposure 
minimizes nonspec ific binding of ssDNA molecu les by assuring that ssDNA molecu les 
are only binding to the gold surface through the sulfur atom. Such specific binding is 
known to great ly increase the hybridization efficiency and therefore the microcantilever 
deflection [361 . In th is work, we have observed such efficiency and higher 
microcantilever deflection when using MCH. 
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After immobilizing the HS-ssDNA molecules on the microcantilever surface, the 
microcantilever was exposed with I mM post- treatment MeH for I hour. As 
demonstrated in figure 4.3 , the microcanti1cver exposed to MCH treatment deflects faster 
and greater than the microcantilever without the Mel-! treatment. Such behavior was 
expected as a highly organized and packed monolayer may be obtained when using the 
MCH post treatment. 
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Figure 4.3: The microeantilevcr shows higher denection when it is being exposed to the post 
treatment MeH. 
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Subsequent experiments included studying the effect of the target DNA concentration on 
the microcantilever deflection. We have introduced four different concentrations of 
complementary DNA to the microcanti lever functionalized with the probe DNA. These 
concentrations were 111M, 0.1 )1M, 2 nM , 0.2 nM respectively. All these different 
experiments were conducted under the same conditions; i.e. the butTer concentrat ion, 
incubation timc, and the probe concentration. The primary object ive of these experiments 
is to see what the smallest concentration of target DNA can be detected with our system. 
We have been able to dctect a target concentration of 0.2 nM. As clearly demonstrated in 
the figure 4.4 and 4.5, the microcantilever deflection is a function of the target DNA 
concentration. Smaller microcantilever deflection is observed for low target DNA 
concentrations whereas higher deflections are seen for high concentration of target DNA. 
As can also be seen in the graph, the microeantilevers start bending almost immediately 
upon injection of the target solutions. 
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Figure 4.4: Injection of different concentrations of complementary target DNA. Higher 
concentrations of target DNA increase the microcantilever det1ection however lower 
concentrations give smaller deflections. 
Fi gure 4.4 also shows the microcantilever response due to the introduction or ssDNA 
with a noncomplcmentary sequence solution to the probe on the rnicrocantilever. In this 
case the microcantilever showed a negligible deflection due to nonspecific binding 
between noncomplcmcntary portions. 
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Figure 4:5: Target DNA concentration versus cantilever deflection. 
As shown in figure 4.4, the microcan{ilever deflection reaches a saturation state after a 
certain amount of time. Th is state indicates that the all target molecules have hybridized 
with a ll the probe molecules which were immobilized 011 the microcantilever surface. 
Saturation state is orten achieved faster by small concentrations of target DNA rather 
than high concentrations. We believe that this occurs because the system is out of 
chem ical equili brium. When the concentration is high more molecules are needed to react 
with the probe DNA to achieve a chemical equilibrium. 
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111e variation in the microcantilever deflection upon the injection of different target DNA 
concentrations reflects and exh ibits the high scnsitivity of the microcantilever. Although 
the microcantilever deflection is small with lower DNA target concentrat ions it sti ll 
demonstrates a sufficient sensitivity to detect these sma ll concentrations. In order to 
interpret the various deflections of the microcantilever upon the injection of different 
concentrations, it is first sign ificant to highlight the main causes of the microcantilever 
deflection after DNA hybridization. 
Causes of the microcantilever deflection as a result of DNA hybridization have been 
investigated and reported in several studies [20, 25, 29, 31, 34, 36]. In most studies 
regarding DNA hybridization, the microcantilever sensor responds to DNA hybridization 
by bending to different values. DNA hybridization, as stated before, induces a surface 
stress on the microcantilever causing a mechan ical deflection. Our results show a 
downward bending of the microcanti lever (compressive surface stress) as the DNA 
hybridi zation take place however upward bend ing (tensile surface stress) was also 
reported [37,38]. The downward bending of the microcanti lever is explained as an 
increase in electrostatic repulsive forces on the microcantilever surface during 
hybridization [34]. 
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The same groups also attributed the downward bending to the increase in chain packing 
of the DNA molecules on the microcantilever surface as well as to the interactions 
between neighbouring DNA molecules r381 . On the other hand, the upward bending of 
the microcantilever is explained as the decrease in configurational entropy during 
hybridization [401. 
Reports have shown that microcantilever deflection depends strongly on the probe 
density, the hybridization efficiency, the target sequence length and concentration, as 
well as salt concentration [31,36,38]. In order to investigate the effect of probe coverage 
density on the nanomechanical response of the microcantilever, we have varied the 
incubation time of the DNA immobilization on the microcantilever surface. 
Figure 4.6 demonstrates two probe-functionalizcd microcantilevers exposed to I 11M 
target DNA. The microcantilever which was immersed in the probe DNA solution for 3 h 
shows higher deflection than the microcantilever which was immersed for 24 h. These 
results are in close agreement with some reports stating that high incubation times lead to 
a high-density probe coverage which reduces the DNA hybridization efficiency and 
therefore the microcanlilever deflection [37,38]. 
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Figure 4.6: Two probc-functionalizcd microcanlilevcrs were exposed to the same target 
sequence and concentration show different deflection because orthe variation in incubation time. 
In Ihis work, we have observed that hybridization efficiency depends, in addition \0 the 
probe density, critically on the salt concentration. The dependence of DNA hybridization 
efficiency on the salt concentration was seen by the injection oCtargcl DNA solution with 
two different salt concentrations (200 mM and 400mM). These concentrations were the 
same in all immobilization and hybridization process. 
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These two concentrations were chosen as they are known to be the optimal 
concentrations within which the hybridization efficiency as well as the microcantilever 
deflection are the greatest [31]. Studies have also revealed that at salt concentrations 
greater than 400 mM the microcanti lever deflection did not show increased deflection 
than those using salt concentrations between 200-400 mM [31 ,38J. Figure 4.7 illustrates 
the mierocantilever deflection as a function of time after the injection of tar gel DNA with 
different salt concentrations. 
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Figure 4.7: The influence of salt concentration is seen to increase the microcantilever deflection. 
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Figure 4.7 clearly shows that the microcantilever deflcction increases with increasing the 
salt conccntratioll. There are two possible contributions to the increase in the 
microcanti1ever deflection when using salt. First, increasing the salt concentration 
increases the melt ing temperature (Tm) of dsDNA at which the double stranded DNA 
separate [391. This means that at high salt concentration the double stranded DNA would 
be more stable and hybridized. Secondly, as DNA is negatively charged, the strands repel 
each other to some degree. Salts contain a positive charge which will congregate around 
negatively charged DNA allowing them to pair with other ssDNA sequence with less 
charge repulsion. 
After investigating the influence of the target concentration on the microcantilever 
responses, different lengths of target DNA were investigated. Four different lengths of 
target DNA and RNA (25 bp, 75 bp, 200 bp, and 1497 bp) were used. The introduction of 
different target DNA lengths aimed to examine the capability of the microcantilever 
sensor to detect different length with full and partial complementary templates. Full 
complementarily between two ssDNA indicates that the two strands have the same length 
and all target bases are complementary to the probe bases. 
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Partial complementarily between two ssDNA, however, indicates that the two strands 
have different length and therefore not all the target bases are complcmentary to the 
probe bases. Moreover, the hybridization between the probe DNA and target DNA (target 
DNA I as shown in table 4.1) reflects full degree of complementarity between the probe 
and target DNA. The hybridization between the probe DNA and RNA target reflects an 
intermediate degree of complementarity whereas the hybridization between probe DNA 
and DNA target (DNA target 2 as shown in table 4.1) reflects a low degree of 
complementarity. We have found the microcantilevers functionalized with probe 
molecules have been able to discriminate all these sequences with multiple degrees of 
complementarity at very low concentrations (0.2 nM) as shown in figure 4.8. It is clear 
from figure 4.8 that the microcantilever deflection is proportional to the sequence length 
of the target DNA and RNA where the microcantilever deflection increases with 
increased target length. The expected behaviour during the hybridization between the 
probe and target with partial complementarily is that complementary portions will 
hybridize and the interactions between noncomplementary portions arc nonspecific. The 
net de fl ection of simultaneous complementary and noncomplcmcntary bindings would 
result in higher deflection than the total deflection of only complementary bindings. In 
other words, besides the induced surface stress by the hybridization between 
complementary sequences, additional surface stress induced due to nonspecific bindings 
is considered to give rise to the microcantilever deflection. 
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Figure 4.8: Microcantilever deflection as a function of lime after the introduction of target DNA 
and RNA with different lengths. 
Furthermore, DNA with a length of 1497 bp was provided to us by the British Columbia 
Centre for Excellence in HIV/AIDS (Be-efE). The DNA was created from the RT 
portion of the J-IIV genome and amplilicd to a concentration of 0.2 nM using peR 
(Polymerase Chain Reaction). 
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In this experiment, we have followed the same immobi lization and hybridization 
procedures we used as mentioned elsewhere. As seen in figure 4.9, the active 
microcantilever deflects aftcr the injection of the target DNA which does not occur with 
the reference microcantilever. This ensures that the active microcantilcver deflection is 
caused by the hybridization between the probe and target molecules. 
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DNA. 
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25 
This result assures the microcanlilever capability of being a powerful and promising 
technique capable of detecting thc hybridization of Pe R-amplified DNA strands which is 
being detected with expensive techniques. Although there have been several methods to 
detect the amplified target, we here exploit the capability and the sensitivity of the 
microcanlilcver sensor to detect the amplified target. Figure 4.10 shows how the 1497 bp 
DNA fall within other results showing the effect of chain length on the microcantilever 
deflection. 
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Figure 4.10 : Microcantilever denection as a function of time after the introduction of target 
DNA with different lengths at the same concentration (2nM) except the HIV target DNA which 
isO.2nM. 
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Although the HI V DNA is longer than all the other sequences shown in figure 4.10, it had 
the smallest concentration. However, because of its length, it produces a comparable 
denection. We propose that if the HIV DNA was at the same concentration it would 
produce an even greater denection than other sequences made. 
4.3. New Adjustment to the Set-up 
To further our allempts to optimize the conditions that govern the nanomechanical 
response of the microeantilever sensor during DNA hybridization process, a new 
adjustment was added to the experimental set-up. This new adjustment is a small 
cyli nder piece placed in the nuid cell as shown in figure 4. 11. 
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Figure 4.11 : The new fixture added to 
the fluid cell (shown in the middle of 
the nuid cell) which focuses the 
injected solution to mOTe directly 
internet with the microcantilcyers . 
This fixture focuses the injected solution 10 more directly interact with the 
microcantilevers in the fluid cell ensuring a fas ter and more concentrated diffusion or the 
solution molecules. As anticipated, this new adjustment produced higher microcantilever 
deflections of about 250 nm as shown in figure 4. 12 than a microcantilever that 
perronned without the fixture. 
The injected solution containing complementary target ssDNA interacts with the receptor 
molecules on the microcantilever surrace upon entry into the fluid cell increasing the 
interacti ons over the surface, thus raising the microcantilever deflection. This work is in 
collaborat ion with other students in our research group. 
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Figure 4.1 2: Microcantilevcr deflection upon the injection of target DNA with the same 
concentration using the new fixture. 
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Chapter 5 
Conclusion and Future Work 
5.1 Conclusion 
In this work we examined the capability of microcantilcvcr sensors to detect the HIV 
virus through DNA hybridization in the hopes of developing a cheaper, morc sensitive, 
and more reliable sensor for the carly detection of the HIV. Therefore, DNA 
hybridization experiments were conducted so that a deep insight into the microcnnliJcvcr 
response due to DNA hybrid ization may be gained. Our experimental results showed \hal 
the microcantilever responded to the DNA hybridization between the probe and target 
molecules by dencclion. [n order to ensure that this deflection was indeed caused by 
DNA hybridization, reference microcuntilevers exposed to either a noncomplcmcntary 
sequence or buffer were used throughout all experiments. 
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We have also studied several factors that may affect the nanomechanical response of thc 
microcantilever including the sequence length, concentrat ion, incubation time, and sal t 
concentratiOIl. 
Variations of the hybridization conditions not on ly allowed fo r an understanding of thc 
mechanism behind DNA hybridization but also allowed for an understanding the 
microcantilever dellection due to the molecular interactions. Furthennore, it has been 
shown in this work that microcantilever sensors can be employed to offer a label-free, 
accurate, sensitive, and specific detection of DNA hybridization. 
This work also included examining the effect of chain length on the microcantilever 
response. The microcantilever was able to detect a POt-amplified target DNA with a 
length of 1479 bp. This kind of hybridization between a short probe DNA and a long 
PeR-amplified target DNA has not previously been investigated by other groups. 
Although we have been able to employ the microcantilever to detect a small 
concentration of tar gel DNA as 0.2 nM, we are still far from the actual HTV concentratioll 
of a blood sample taken from infected patients. 
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The concentration of HI V RNA in a blood varies drastically over the course of infection. 
For early infection, this concentration is approximately 8.305 Ox 10- 14 nM per m!. 
Performing DNA hybridization experiments in this work required the instrument to be 
well calibrated. Calibration of the instrument involved converting the PSD into an actual 
rnicrocantilever deflection. Therefore, a program was made which converts the acquired 
PSD signal into microcantilever deflection. 
5.2 Future Work 
Future work of {his project may include using the microcantilever sensor for developing 
treatment drugs . HIV entry into the host eell is mediated by binding of the viral gp 120 
envelope protein to a cell surface coreceptor (most commonly the CCR5 or CXCR4 
chemokine coreceptor), followed by binding to the primary HIV cel l-surface receptor 
CD4. A class of drugs known as HIV coreceptor antagonists act by binding to cellular 
coreceptor, thereby blocking HIV entry into host cells. Maraviroc, a CCR5 antagoni st, is 
an example of such a drug. 1·lost cell coreceptor CCR5 and CXCR4 can be immobilized 
on canti levers to measure their affinity to new small-molecule antagonists which may 
have potential as novel coreceptor inhibitors. 
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Future work may also include studying the effect of the cantilever cell temperature in 
order to better promote DNA hybridization . DNA and RNA hybridizat ion process are 
more efficient at higher temperatures (such as the body temperature) than the room 
temperature at which our experiments were conducted. Thus, increasing the cant ilever 
ce ll temperature to be sim ilar to that of the body temperature would result in more 
realistic results. 
Another important component of this work is to compare the sensitivity of hybridizat ion 
type sensing platforms to platforms based on the antigen/anti body capture mechanism. 
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